Recent studies of the iconic fall migration of monarch butterflies have illuminated the mechanisms behind their southward navigation while using a time-compensated sun compass. Skylight cues, such as the sun itself and polarized light, are processed through both eyes and are probably integrated in the brain's central complex, the presumed site of the sun compass. Time compensation is provided by circadian clocks that have a distinctive molecular mechanism and that reside in the antennae. Monarchs might also use a magnetic compass because they possess two cryptochromes that have the molecular capability for light-dependent magnetoreception. Multiple genomic approaches are now being used with the aim of identifying navigation genes. Monarch butterflies are thus emerging as an excellent model organism in which to study the molecular and neural basis of long-distance migration.
Monarch butterfly migration 'Before I sink/Into the big sleep/I want to hear/I want to hear/The scream of the butterfly' (from When The Music's Over -The Doors, 1967).
Of course butterflies don't scream (at least at a frequency that humans can hear). But the biology behind the awe-inspiring fall migration of the eastern North American monarch butterfly (Danaus plexippus) does scream out to be understood. Each fall, like clockwork, millions of monarch butterflies from the eastern United States and southeastern Canada make their remarkable journey to overwinter in roosts in a small area (800 square kilometers) in central Mexico, with some having traveled distances approaching 4000 kilometers [1] ( Figure 1A ,B). The overwintering sites are clustered atop the mountains of Michoacá n in central Mexico in a handful of oyamel fir groves.
Due to the long distances traveled and the predictable, repetitive nature of the annual migration cycle, the eastern North American migration is unparalleled among insects [2] and rivals that of birds [3] . The butterfly's relatively simple nervous system, in the face of the same behavioral complexity as manifested by migrating vertebrates, makes monarch migration a revealing case-study of long-distance navigation among animals [4] . Moreover, the remarkable navigational abilities of monarch butterflies are part of a genetic program that is initiated in migrants -it is not learned, because the butterflies migrating are always on their virgin journey, and those that migrate south are at least two generations removed from the previous generation of migrants [5] .
Great strides have been made recently in understanding the navigational aspects of the migration. Most of this work has focused on the mechanisms underlying the butterfly's ability to orient in the southerly direction over the course of the migration, using a time-compensated sun compass. Important discoveries include the nature of the circadian clocks that provide time compensation (their unique molecular mechanism and unusual cellular location), the potential role of a magnetic compass in the migration, and the development of genetic tools that set the monarch apart from other species that undergo long-distance migrations. We highlight these findings, their implications, and the next wave of exciting questions they prompt.
The annual migration cycle
In the fall, decreasing daylength, cooler temperatures, and aging milkweed (genus Asclepias; the obligate larval food plant) contribute to the environmental events that trigger the migratory generation [6] and the annual migration south begins. However, the precise environmental signals that initiate the migratory state are poorly understood. This area is of crucial importance because understanding the initiating factors would allow for the creation of migrants throughout the year for study of navigation in the laboratory under simulated skylight conditions. Migrants remain at their overwintering sites in Mexico until the early spring, when the same butterflies reproduce and disperse northward to lay fertilized eggs on newly emerged milkweed plants in the southern United States ( Figure 1C ). The annual migration cycle is multigenerational because it takes at least another two generations of spring and summer butterflies that are thought to follow the progressive, northward emergence of milkweed to gradually repopulate their home range and thus complete the migration cycle [7] . In the fall, the migration is triggered once again, and the long journey south recommences.
The navigational process
To navigate across thousands of miles to a precise overwintering location the butterflies are likely to need a map and a compass, as used by other long-distance migrants [8] . The aspects of a map-sense that are in place in migrants include which direction to fly (southwest) and where to stop (fir groves in central Mexico). However, it is unclear whether migrating monarchs use a 'complete' map because of equivocal findings from longitudinal displacement studies [9, 10] . Moreover, there is no firm evidence that during the migration the butterflies know where they are relative 
